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Abstract — In Cote d 'I voire, as well as in all developing 
countries, clay is mostly used for house construction. In this 
article, clay from Dabou has been mixed with natural charcoal 
and sand to create a filter for the treatment of methylene blue 
and copper sulfate solutions. Then, chemical and mineralogical 
analysis and scanning electron microcopies (SEM) have been 
performed on these materials. In the same way, the collected 
filtrates have been submitted to tests for the measurement of 
pollutants concentration on the basis of their optical density, pH 
and electric conductivity. The results proved that charcoal is 
able to retain pollutants and that clay and sand are not harmful 
for health. Furthermore, the filter has helped purify methylene 
blue and copper sulfate solution for 15 days. 
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I. Introduction 

All living beings have great need for water in their day to day 
life. Unfortunately, since the years 60s, the entire biosphere 
has been undergoing drastic degradation due the negative 
influence of human activities. Today wastewaters from 
households and industries, as well as from chemical fertilizers 
used in agriculture, bring about serious pollutions that affect 
all elements of nature, and so pollute the environment. 

Indeed, polluted waters have become threats to the lives of 
living beings on earth worldwide. The lack and the poor 
quality of drinking water are serious and disturbing 
phenomena against the effectiveness of development actions. 
The WHO estimates 80% of diseases in the world to be 
related to the bad quality of drinking water. 
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Here are some, among the solutions suggested to improve 
water quality: 

> The conventional treatment process which includes 
coagulation, flocculation, sedimentation, rapid filtration and 
disinfection using products likely to result in an increase of 
formed disinfection byproducts when increasing the amount 
of disinfectant [1]; 

> Industrial filters and techniques for the treatment of 
dissolved industrial pollutants before they are discharged into 
the sewage systems, such as: 

o Biological techniques using biodegradable agents [2 ; 
3]; 

o Electrochemical techniques [4] ; 

o Adsorption techniques using activated carbon [5]. 

All these solutions have proved to be effective, but generally 
very expensive. This is why new researches have been 
directed towards methods of treatment using affordable and 
available natural materials such as clays, zeolites, agricultural 
materials (sawdust, natural charcoal and agricultural waste 
[ 6 - 1 1]. 1 

But despite of all these purification techniques, the ground 
still remains the most natural system of water purification 
among these filters. An imitation of this system by the 
reconstitution of a sand and activated carbon based filter has 
been carried out by [1]. Let’s note that this is only effective 
but when activated carbon is at least one meter thick. So, to 
reduce the thickness of layers, a filter is made out of sand, clay 
and natural charcoal. The purpose of this study is to test the 
effectiveness of that filter. This article then aims at showing 
the effectiveness of the filter in presence of methylene blue 
and copper sulfate in order to partially solve health problems 
related to the consumption of polluted water. 

II. EXPERIMENTAL TECHNIQUE 

A. Filter arrangement 

From the bottom to the top, the AndoF filter is made of 
clay-sand-charcoal-sand in these respective weight 
proportions 1:5: 1:5. Before use, clay, sand and charcoal are 
submitted to a prior treatment. After extraction, clay is dried, 
crushed, ground and sieved using a sieve of 1 mm diameter; 
likewise the sand is washed and also sieved using a 1 mm 
diameter sieve. Similarly, charcoal is crushed, washed, dried 
and sieved using another sieve of 5 mm to 1 mm diameter. 
These are loops from the 1 mm sieve for clay and sand. 
Charcoal Particles are between 1 to 5 mm sized as a result of 
the use of the corresponding sieve. These different materials 
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constituting the filtering mass (FM), are submitted to 
characterization tests: sieve analysis, chemical analysis, X-ray 
diffraction and SEM observation. 

The filtering mass (FM) is arranged in a 500 ml graduated 
cylinder perforated in its lower part and placed on a 100 ml 
sterilized flask serving as container (fig.l). 



Figure 1 : Filter device 


III. RESULTS AND DISCUSSION 

A. Characterization of the materials used ( adsorbents ) 

The analysis of characterization tests performed on clay, sand 
and charcoal indicates that clay taken from Dabou consists of 
55% of clay particles and 45% of silt [12]. Its chemical 
content is respectively 56.2% of Si02, 27.75% of A1203 and 
coloring oxides such as Fe203 and Ti02 respectively 6.60% 
and 1.19%. This clay does not contain toxic chemical 
elements such as copper and lead [13]. The mineralogical 
content of Dabou clay is composed of kaolinite and illite 
which are clay minerals and quartz that is an associated 
mineral [14]. Clay grains seen through the SEM are formed by 
a stack of crystallised micelles. Therefore, they can retain 
water and other substances by adsorption onto their surfaces 

(Fig 2). 

Sand mined out from a quarry in the town of Marcory, 
consists essentially of quartz grains the granular distribution 
of which is 30% of fine sand, 66% of medium grained sand 
and 4% of coarse sand. Its fineness modulus equals 2 [15]. 
Charcoal obtained by natural wood calcination has a SEM 
structure made of large pores of about 20 to 150 microns 
diameter on the walls (Fig. 2). There also are small pores of 
about 1 micron diameter on the walls of the sap pipe bundle as 
well (fig. 2). These pores could trap water impurities. 


B. Analysis of solutions 

To test the AndoF filter, methylene blue and copper sulfate 
solution are used. Methylene blue is an organic pollutant 
widely used in industry, eg in the textile industry for dyeing, 
in biology and in pharmacy as an antiseptic. Its crude 
chemical formula is C16H18CIN3S, 2H20. It is from the 
class of thiazine dyes which solubility in water exceeds 100 
mg/l. 

Copper sulfate is an inorganic pollutant like lead, cadmium 
and zinc. It releases in the solution, copper ions which are 
considered as an undesirable and toxic substance according to 
the standards of drinking water. 

350 ml of these solutions to be filtered (5g/l of methylene blue 
concentration and 1.6 g/1 copper sulfate) is added to the FM. 
Each day, the sterilized flask is removed and replaced and 
then the filtrate collected is tested. The solution to be filtered 
is renewed each time the volume of the remaining slurry is 
about 50 ml. The measurement of the pollutant concentration 
has been achieved with a HACH spectrophotometer (DR 
4000). It allows to determine the optical density and to deduce 
the concentration of the pollutant. 

In the case of methylene blue solution, a standard curve for 
methylene blue concentrations under 5 g/1 has been drawn. Its 
equation OD = 0.1514°C (g/1) for 0 <OD <1. OD stands for 
the optical density read in the spectrophotometer. It also 
allows to calculate the concentration of methylene blue in the 
filtrate. 

To test copper sulfate solution, CuVerl reagents are used. 
These allow to measure copper in the collected filtrate and by 
a special setting of the spectrophotometer, to directly 
determine copper concentration. In addition, we can 
determine the pH and conductivity of the copper sulfate 
solution filtrate with a multiparametered multimeter, a 
Consort analyzer, model C861. 



Figure 2: A structure of absorbents A: Clay; B: Charcoal 
cross-section; C: charcoal longitudinal section 

B. Methylene blue absorption (M.B.) 

The filter mass totally absorbs the methylene blue (Fig. 3) 
.The layers of sand, clay and coal allow therefore to retain the 
organic pollutant that is methylene blue. However after 15 
days, more than 50% of the contaminant concentration is 
found in the filtrate. The duration of this treatment is then, 
limited in time. 

In fact, clayey particles are capable of absorbing onto their 
surface, some of the elements present on sites. The number of 
sites liable to be occupied by the pollutant is limited and 
depends on the nature of clay. That is why, after a certain 
time, the contaminant is found in the filtrate. Thus, the AndoF 
filter has a lifetime that depends on the nature of clay and on 
the pollutant concentration in the solution to be filtered. 
Indeed, according to [16; 17], the increase of the adsorbate 
concentration causes a reduction of the purification time. The 
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role of purification performed by clay is also supported by 
charcoal which traps the pollutant particles in its pores. 
However, for this role to be efficiently assured, the time of 
contact must be a pretty long because the longer it takes the 
more the charcoal is able to retain a significant amount of 
pollutants [6]. 


• Solution to purify 



Period (days) 

Figure 3: Methylene blue concentration in the collected 
filtrates 

D-Absorption of copper ions 

In the beginning, the copper ion concentration, the pH and the 
electrical conductivity are respectively 21.97 g/1; 7.34 to 2.17 
ms/cm. 

After crossing the AndoF filter, the copper ion concentration 
(Cu 2+ ) is Og /I from the 1st to the 20 th day. So, the filter 
completely retains copper ions. However, from the 20 th to the 
30 th day of filtration, the copper concentration increases and 
becomes stable around 0.92 g/1 until the 50 th day. This can be 
explained by the saturation of the copper recovery systems 
(clay or charcoal) in the filter mass. Here is where copper ions 
start appearing in the filtrate until the 50 th day. The filter has 
thence had a 20 days lifetime or adsorption time. 

The pH of the collected solution has a slight increase along 
the time until the 50 th day of filtration. This goes from 7.34 
(before filtration) to 8.04 (40 th day of filtration). The H + ions 
are co-selected with the Cu 2+ ions [17] whereas the OH- ions 
are leached into the filtrate. 

Furthermore, the conductivity of the collected solution 
increases until the 10 th day from 2.17 to 8.1 ms/cm and then 
decreases until the 50 th day. Water drops collected for the first 
ten days are much mineralized. This could be due to the 
increase in pH but also to the leaching of some chemical 
elements of the absorbent as the graph shows that Cu 2+ ions 
are not responsible for this increase. Moreover, from the 20th 
day, the concentration of Cu 2+ ions increases as the 
conductivity decreases. 

The AndoF filter can absorb mineral pollutants such as 
copper, while maintaining the pH of the filtrate near to a 
neutral pH. It can be used without any risk for health in 
treating wastewater. 


Cu2+(mg/L) ^^p(mS/cm) 



Period (days) 


Figure 4: Concentration of Cu 2+ in the filtrate 


IV. CONCLUSION 

A filter has been made out of a superposition of sand, clay and 
carbon layers. This filter named AndoF has enabled to purify 
methylene blue and copper sulphate solutions within 15 days. 
Similarly, the filter AndoF enriched the purified solution in 
mineral elements while keeping the pH at a neutral value. This 
filter then is not risky for health with regard to the variation of 
the pH and the conductivity of the collected filtrate. 
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